INTRODUCTION
Influenza C virus differs from types A and B influenza viruses in immunological properties as well as in the nature of their receptor-destroying enzymes (Hirst, 1950; Kendal, 1975; Nerome et al., 1976; Ohuchi et al., 1978) . However, recent studies have revealed that influenza C virions share most structural features of other orthomyxoviruses, including the presence of a segmented RNA genome and the general types of structural polypeptides (Kendal, 1975; Cox & Kendal, 1976; Ritchey et al., 1976; Compans et al., 1977; Petri et al., 1979; Racaniello & Palese, 1979) . Influenza C virions consist of the five internal non-glycosylated proteins including three P proteins (P1 to P3), nucleoprotein (NP) and membrane (M) protein in addition to a single surface glycoprotein, gp88 (Compans et al., 1977; Petri et al., 1980) . The gp88 glycoprotein may be present in virions as two proteolytic cleavage products, gp65 and gp30 (Herder et al., 1979; Sugawara et al., 1981) .
It is known that influenza C virus is widely distributed throughout the world (Jennings 1968; Chakraverty, 1978; O'Callaghan et al., 1980; Homma et al., 1982) . However, this virus has been rarely isolated presumably because influenza C virus infection usually causes only a mild upper respiratory tract infection or subclinical illness in humans. For this reason, the nature and the extent of antigenic variation among influenza C viruses are only pooly understood. Previous 0022-1317/83/0000-5370 $02.00 © 1983 SGM serological studies with haemagglutination inhibition (HI) tests have shown that although influenza C viruses, unlike influenza A viruses, do not undergo major antigenic shift, antigenic variation exists among influenza C strains isolated in different parts of the world over a long period (Czekalowski & Prasad, 1973; Chakraverty, 1974 Chakraverty, , 1978 . The antigenic pattern of influenza C viruses revealed by HI tests alone is however difficult to interpret because of the sensitivity of the assay system and the wide differences in the avidity of serum antibodies used. Meier-Ewert et al. (1981) have recently analysed virion RNAs recovered from five isolates of influenza C virus by the oligonucleotide fingerprinting technique and have suggested that genetic variation is much less marked in influenza C viruses than in influenza A and B viruses.
Recently, we isolated a number of influenza C viruses during an outbreak of a mild upper respiratory tract infection among institutionalized children (Katagiri et al., unpublished results) . In the present report, we wanted to compare these fresh isolates (C/Yamagata/10/81 and C/Yamagata/11/81) with the previously isolated influenza C strains which included the earliest isolates from U.S.A., C/Taylor/1233/47 and C/J J/50 and the three isolates made during the period of 1964 to 1974 from Japan. For this purpose, we compared three major structural proteins, gp88, NP and M, among these viruses by the combination of SDS-polyacrylamide gel electrophoresis and one-dimensional mapping of the peptides produced after limited proteolysis with various proteases.
METHODS
Virus and cells. The influenza C virus strains used were C/Taylor/1233/47, C/J J/50, C/Yamagata/64, C/Sapporo/71, C/Aomori/74, C/Yamagata/10/81 and C/Yamagata/11/81. Virus stocks of all strains were grown in the amniotic cavity of9-day-old embryonated hens' eggs as described previously (Ohuchi et al., 1978) . The MDCK line of canine kidney cells was grown in Eagle's minimal essential medium (MEM) supplemented with 10 ~ bovine serum.
Growth and purification of radioactively labelled virus. Confluent monolayers of MDCK cells in 90-mm Petri dishes were infected with stock virus at a multiplicity of 10 to 30. After an adsorption period of 1 h, unadsorbed inoculum was removed and serum-free MEM was added. After incubation at 34 °C for 18 h, media were replaced by MEM containing 5 IxCi/ml of either [35S]methionine or [3H]glucosamine, and infected cells were further incubated for 3 days. Virus was then purified from culture fluids by precipitation with polyethylene glycol followed by banding in a potassium tartrate gradient as described elsewhere (Compans et al., 1970; Landsberger et al., 1971) . The virus band was collected, centrifuged at 40000 rev/min for 40 min in an International rotor (No. 494) and the resultant pellet was suspended in 0.0625 M-Tris-HC1 (pH 6.8) for gel electrophoresis.
SDS-polyacrylamide gel electrophoresis (SDS-PAGE).
A discontinuous slab gel electrophoresis was carried out according to the method of Laemmli (1970) , utilizing 13 ~ gels (aerylamide : bisacrylamide, 130 : 1) containing 4 Murea with a 3.6~ stacking gel (acrylamide :bisacrylamide, 30:0-8). For fluorography, gels were treated with 2,5-diphenyloxazole as described by Bonner & Laskey (1974) then dried and exposed to Dupont Cronex 4 film at -80 °C.
Peptide mapping by limited proteolysis in SDS and subsequent gel electrophoresis. This was done esssentially according to the method of Cleveland et al. (1977) , with minor modifications described in detail elsewhere (Nakamura et al., 1981) . The enzyme concentrations used were as follows: elastase, 4 lag/20 ~tl; Staphylococcus aureus V8 protease, 1 p.g/20 ~tl; a-chymotrypsin, 5 p.g/20 I~1. The peptide fragments produced after limited proteolysis were analysed by 17.5~ gels (acrylamide:hisacrylamide, 218.5:1) containing 4M-urea. After electrophoresis, gels were treated for fluorography as described above.
Chemicals and isotopes. Trypsin (lyophilized) was obtained from Worthington. Elastase (type III) and achymotrypsin (type II) were obtained from Sigma. V8 protease was obtained from Miles Laboratories.
[35S]Methionine (800 to 1200 Ci/mmol) and [3H]glucosamine (5 to 10 Ci/mmol) were obtained from CEA, GifSur-Yvette, France.
RESULTS

Comparison between various influenza C virus strains of electrophoretic mobility of structural proteins
The electrophoretic mobility of structural proteins of seven influenza C virus strains isolated during the period of 1947 to 1981 was compared by SDS-PAGE of MDCK-grown virions labelled with [3SS]methionine. As shown in Fig. 1 (a) , the three major structural proteins gp88, NP and M in addition to a host cell-derived protein assumed to be actin, were resolved with any IP: 54.70.40.11
On: Thu, 13 Dec 2018 01:17:22 methionine were subjected to SDS-PAGE either directly (a) or after trypsin treatment under the conditions described elsewhere (b) (Sugawara et al., 1981) . In these and all subsequent figures, the following abbreviations were used: TA, C/ Taylor of the virus strains tested. While the NP and M proteins of all influenza C strains co-migrated, the mobility of gp88 was different depending on the virus strain: the gp88 of the C/Aomori/74 strain was reproducibly found to migrate more slowly than that of the other strains. It has been shown previously that when influenza C virus grown in chick embryo fibroblast or MDCK cells is treated with either trypsin or elastase under mild conditions, gp88 is cleaved to produce two subunits, gp65 and gp30 (Herder et al., 1979; Sugawara et al., 1981) . To see whether the differences in the mobility of gp88 among virus strains are due to the differences in that of either gp65 or gp30 or both, purified virions labelled with [3SS]methionine were treated with trypsin under the conditions described previously (Sugawara et al., 1981) and then analysed by SDS-PAGE. Fig. 1 (b) shows that irrespective of virus strain, the amount of gp88 drastically decreased after trypsin treatment, and it was accompanied with the appearance of gp65. Since the incorporation of [3SS]methionine into gp30 was extremely low, it was not possible to identify this glycoprotein unequivocally in all virus strains. As was observed with gp88, gp65 also showed migrational differences depending on the virus strain. The gp65 of C/Yamagata/64 and C/Aomori/74 strains migrated similarly, but their mobility was significantly slower than that of the others. It should be noted that while a difference could be detected in the mobility of gp88 between the C/Yamagata/64 and C/Aomori/74 strains (see Fig. 1 a) , its larger fragment (gp65) of these two isolates exhibited the same migration rate, which suggests that the smaller fragment gp30 rather than gp65 may be responsible for the migrational differences observed in gp88 of these two viruses. To examine this possibility, four virus isolates, C/J J/50, C/Yamagata/64, C/Aomori/74 and C/Yamagata/11/81 were labelled with [3H]glucosamine, treated with trypsin and then analysed by SDS-PAGE. As can be seen in Fig. 2 , it was apparent that the C/Aomori/74 strain possessed gp30 of slower electrophoretic mobility than the other strains. These results, taken together, suggest that of the three major structural proteins of influenza C virus, at least the gp88 glycoprotein is changeable in structure and such changes can occur in both the subunits, gp65 and gp30.
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Protein variations of influenza C viruses (a) (b)
It has been previously observed that the gp65 glycoprotein migrates as a doublet (Sugawara et al., 1981 ; Herder et al., 1981) . Similarly, two bands were sometimes resolved in the position of gp88 (see lane A of Fig. I a) that they had common amino acid sequences (data not shown). Furthermore, pulse-chase experiments revealed that most of the lower band, which was the only glycoprotein detected in infected M D C K cells after a short pulse, was converted to the upper band during the subsequent chase (data not shown). These observations suggest that the lower band gp88 represents an incompletely glycosylated form of the upper band. 
Comparison of internal non-glycosylated proteins between various influenza C virus strains by peptide mapping
As described above, no difference was detectable in the electrophoretic mobility of either NP or M between the seven influenza C virus strains analysed. To investigate the structural variation of these internal proteins by a more sensitive method, the [35S]methionine-labelled peptide fragments obtained after partial proteolysis with V8 protease or c~-chymotrypsin were compared among virus strains by SDS-PAGE. The mapping patterns of M protein shown in Fig. 3 indicate that, irrespective of the enzyme used for digestion, the M proteins of all influenza C virus isolates generated completely identical peptides, which strongly suggests that the structure of M protein has been very well conserved over a period of 34 years.
The peptide maps of NP polypeptides of various influenza C virus strains are presented in Fig. 4 . When V8 protease was used for digestion, the maps of five strains isolated later than 1964 were indistinguishable from each other. Two earlier isolates, C/Taylor/1233/47 and C/J J/50, also produced similar peptides though they could be distinguished in a few peptides from the more recent isolates. It is also to be noted in Fig. 4(a) that the pattern of C/Taylor/1233/47 differed slightly from that of C/J J/50. Similar observations were made when NP was digested with ~-chymotrypsin instead of V8 protease. The mapping patterns of five isolates from 1964 to 1981 were identical while minor differences were detectable either between the isolates before and after 1950 or between the two isolates of 1947 and 1950. These results suggest that the structure of the NP polypeptide is also highly conserved though it may be less stable than the M polypeptide.
Comparison of surface glycoproteins between various influenza C virus strains by peptide mapping
The surface glycoprotein gp88, unlike the internal proteins N P a n d M, exhibited virus straindependent differences in electrophoretic mobility (see Fig. 1 a) , suggesting that structural changes may have occurred in this protein. To examine the structural variation of gp88 in more detail, the glycoprotein was isolated from various influenza C virus strains labelled with [35S]methionine. After limited proteolysis with elastase or V8 protease, the resultant peptide fragments were mapped by S D S -P A G E (Fig. 5 ). When digested with elastase, the gp88 of all influenza C virus strains produced similar peptides. It was a surprise that all the peptides generated from the most recent isolates, C/Yamagata/10/81 and C/Yamagata/11/81 were found in the pattern of the earliest isolate, C/Taylor/1233/47. In addition, the maps of the C/J J/50 and C/Sapporo/71 strains were also the same as those of three isolates described above. The C/Yamagata/64 and C/Aomori/74 strains showed mapping patterns slightly different from the other strains. Of the 9 or 10 peptides detected in the maps of these two isolates, only a single peptide was found to migrate differently from the corresponding peptide of the others. Similar results were obtained from the analysis of peptides produced after V8 protease digestion (Fig.  5b) . The mapping patterns of C/Taylor/1233/47, C/J J/50, C/Sapporo/71, C/Yamagata/10/81 and C/Yamagata/ll/81 were again indistinguishable from each other. The maps of C/Yamagata/64 and C/Aomori/74 strains were also very similar to those of the other strains, though minor differences were detectable. These observations strongly suggest that the surface glycoprotein of influenza C virus, unlike the HA and NA glycoproteins of influenza A and B viruses, has been very stable over a 34-year period. It should be also noted that although structural changes seem to have occurred in gp88 of the 1964 and 1974 isolates, such changes do not appear to be reflected in structure of the viruses isolated at later times. It appeared of interest to examine whether the small differences observed in the maps of gp88 among influenza C strains are caused by changes in the structure of either gp65 or gp30. The gp65 and gp30 proteins were therefore isolated from trypsin-treated virions heavily labelled with [35S]methionine and then peptide-mapped after partial proteolysis with V8 protease. Fig. 6 shows the mapping patterns of gp65 and gp30 from the four virus isolates, C/J J/50, C/Yamagata/64, C/Aomori/74 and C/Yamagata/11/81. As was observed with gp88, there was no difference in the patterns of gp65 of the C/JJ [50 and C/Yamagata/t 1/8 ~ strains. The maps of gp65 of C/Yamagata/64 and C/Aomori/74 strains were also similar to, but slightly different from, those of the other strains. In contrast, the maps of gp30 were virtually identical between all virus strains tested. Thus it appears that strain-dependent differences in the maps of gp88 are primarily due to the variation in the structure of gp65 rather than gp30. However this does not necessarily indicate the absence of any detectable variation in the structure of gp30 since the electrophoretic mobility of this protein differs depending on the virus strain (see Fig. 2 ).
DISCUSSION
Serological studies, mostly utilizing HI tests, have suggested that there is antigenic variation among various influenza C virus isolates (Czekalowski & Prasad, 1973; Chakraverty, 1974 Chakraverty, , 1978 . It is however difficult to interpret these data because of the limited sensitivity of the assay system and the different avidity of serum antibodies used in these tests. Recently, Meier-Ewert et al. (1981) have compared several different isolates of influenza C virus by RNA genome oligonucleotide fingerprinting analysis and have suggested that influenza C viruses are genetically much more stable than type_s A and B of influenza viruses. In the present report, the major structural proteins, gp88, NP and M, of seven different isolates of influenza C virus were compared by SDS-PAGE and one-dimensional peptide mapping. The results revealed remarkable similarities among virus strains isolated at different times and in different geographical areas. Of the three proteins analysed, M seemed to be the most highly conserved since strain-dependent differences either in migration rates or in mapping patterns were not found in this protein, but they were detected in gp88 as well as in NP. The conservation of M relative to the other structural proteins has also been observed with other members of the orthomyxoviruses (Laver & Downie, 1976; Brand et al., 1977; Dimmock et al., 1980; Erickson & Kilbourne, 1980; Nakamura et al., 1981) . The NP polypeptide of influenza C virus also appeared to be very stable. There were no differences in the mapping patterns of NP from five isolates between 1964 and 1981. Although small differences were detectable in NP of the earlier isolates, C/Taylor/1233/47 and C/J J/50, it appears likely that such differences are caused by structural changes which have occurred in the laboratory rather than in nature since the passage histories of these two strains were extremely long compared with those of the others. This possibility is supported by the findings that while the maps of C/Taylor/1233/47 and C/J J/50 strains which were isolated during a period as short as 3 years were distinct from each other, the maps of the other five strains were indistinguishable though they were isolated over a period as long as 17 years. Therefore the NP protein of influenza C virus may be as stable in nature as the M protein.
It has been reported that influenza C viruses do not undergo antigenic shift though antigenic variation can be detected among influenza C strains (Czekalowski & Prasad, 1973; Chakraverty, 1974 Chakraverty, , 1978 . Further, Meier-Ewert et al. (1981) have claimed that the antigenic variation observed in the five strains of influenza C virus isolated over a period of 32 years (1947 to 1979) is much less pronounced than that in a set of influenza A (H3N2) strains isolated over a period of 5 years (1968 to 1973) . Our data demonstrated that the maps ofgp88 from seven influenza C strains isolated between 1947 and 1981 were closely related to one another, which provides biochemical evidence for the absence of any major antigenic shift in influenza C viruses. In addition, it was found that the gp88 of influenza C strains isolated in 1981 in Japan (C/Yamagata/10/81 and C/Yamagata/11/81) exhibited an electrophoretic mobility as well as a mapping pattern indistinguishable from that of the strain isolated 34 years ago in U.S.A. (C/Taylor/1233/47). In contrast to these observations, there are reports indicating that in the case of influenza A and B viruses, migrational differences of haemagglutinin (HA) polypeptides are apparent even among strains isolated in single outbreaks Hugentobler et al., 1981) . Furthermore we have previously demonstrated marked differences between the structures of HA in influenza B strains isolated in Japan over a period of 7 years (1970 to 1977) , utilizing one-dimensional peptide mapping (Nakamura et al., 1981) . Thus it is evident that the surface glycoprotein of influenza C virus is more stable than those of influenza A and B viruses. Since influenza C virus is widely spread in the human population (Jennings, 1968; Chakraverty, 1978; O'Callaghan et al., 1980; Homma et al., 1982) , influenza C virus should be under a considerable amount of antibody pressure as is the case with influenza A and B viruses. The reasons for the striking differences in the stability of surface glycoproteins between type C and the other types of influenza viruses remain to be understood.
Antigenic drift of influenza A and B viruses is a continuing process during which the surface proteins undergo gradual changes in a given direction. The present data showed that the C/Yamagata/64 and C/Aomori/74 strains contain gp88 whose mapping patterns were related to but distinct from the original influenza C strain, Taylor/1233/47. However such differences were not evident in the maps of C/Sapporo/71, C/Yamagata/10/81 and C/Yamagata/ll/81, all of which showed the same mapping patterns as the original strain. From these observations, it appears reasonable to assume that structural variation of influenza C viruses may not be a sequential event and may differ in this respect from antigenic drift of influenza A and B viruses.
